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Studio minero-petrografico e geochimico dei reperti ceramici
Elisa Esquilini
Dipartimento di Scienze della Terra e Geologico-Ambientali ? Università di Bologna
Campioni e dati archeometrici
????????????????????????????????????????????????????????????????????????????????????????????????????
sono stati scelti 33 reperti, rappresentativi delle varie  tipologie ceramiche riconosciute, 3 campioni
?????????????????????????? ???????? ?????? ?????????? ?????????????? ????????????????? ?????????????????
?????????? ?????????? ??? ?????? ??? ???????? ???? ??????????? ??? ???????? ??????????????? ?????????????? ??
geochimiche a scopi archeometrici.
In specifico si tratta di:
3 campioni di argilla cruda: CT-1, CT-2, CT-3
3 campioni di argilla semicotta: CT-4, CT-5, CT-7
1 campione di roccia: CT-6
3 frammenti di laterizi: CT-8 interno, CT-8 esterno, CT-18
9 frammenti di anfore: CT-21, CT-22, CT-23 CT-24, CT-25, CT-26, CT-27 CT-42, CT-43
4 elementi da forno: CT-11, CT-12, CT-13 CT-14
3 frammenti di ceramica comune: CT-32, CT-50 CT-54
1 grumo vetrificato: CT-10
2 frammenti di ceramica rozza: CT-38, CT-39
1 frammento di ceramica a  vernice nera: CT-44
2 frammenti di piede modanato: CT-45, CT-46
1 frammento di bacile: CT-47
1 frammento di ansa: CT-48
1 frammento di grande forno: CT-49
1 frammento di vaso: CT-51
1 frammento di fondo di coppa: CT-52
Previa  accurata descrizione macroscopica, i campioni sono stati preparati ed analizzati con 
le metodologie già utilizzate in precedenti studi su materiali ceramici: diffrattometria a raggi X, 
(Diffrattometro Philips PW1710, radiazione CuK?), fluorescenza a raggi X (Spettrometro Philips 
PW1480), analisi termica (TG, DTG, DTA) con  apparato termico SETARAM LABSYS. Inoltre 
??????????????????????????????????????????????????????????????????????????????????????????????????????????
presentavano dimensioni idonee (Mazzeo, Morandi, Nannetti, 2000; Morandi et al., 2000; Nannetti, 
Sabetta, 2005,  Mazzeo et al., 2007, Minguzzi et al.,2007).
Poiché lo scavo in esame si trova sulla linea di paleocosta,  sui  campioni è stato eseguito un 
test di salinità per appurare una possibile contaminazione da sali marini subita dai reperti durante il 
seppellimento. I campioni polverizzati sono stati lavati con acqua deionizzata e successivamente le 
acque di lavaggio sono state sottoposte ad analisi in cromatografia ionica (DIONEX ICS 90) per 
quantificare il valore di Cl presente nei lavaggi, in quanto la presenza di sali di sodio (NaCl) e/o di 
potassio (KCl) altererebbe le composizioni chimiche e mineralogiche reali dei manufatti.
Dai dati ottenuti si è potuto constatare che i campioni non hanno subito una contaminazione da 
acqua marina.
??????????? ????????????? ?? campioni ceramici appaiono molto diversi dal punto di vista 
morfologico e granulometrico, poiché variano da impasti molto grossolani (con evidenti inclusi che 
in molti casi potrebbero far pensare a chamotte) a fini (paste omogenee nel colore e nella 
granulometria), quindi risulta difficile la comparazione tra gruppi.
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I quesiti più evidenti scaturiti dalle caratteristiche di questa discarica di materiali ceramici 
sono principalmente due:
? la presenza tra i reperti di una roccia vulcanica, piuttosto incoerente, sicuramente importata 
nel sito;
? ??????????????????????????????????????????????????????????????????????????????????????????????
stesso (CT1 e CT2 sul fondo della vasca e CT3 sulle pareti).
Nelle tabelle 1 a,b,c e 2 a,b,c sono riportati rispettivamente i risultati delle analisi 
mineralogiche e chimiche che hanno permesso, associate alle osservazioni al microscopio 
polarizzante e alle analisi termiche, la caratterizzazione delle argille crude, della roccia vulcanica e 
di tutti i reperti ceramici. 
Le analisi sono perfettamente coerenti tra loro e con le osservazioni ottiche.
Il campione CT6, roccia vulcanica (foto di fig.1), risulta costituito, sulla base della analisi 
mineralogica (Tab.1c), da leucite ed analcime come fasi principali; si rilevano inoltre anche quantità 
abbondanti di K-feldspato, pirosseni e una quantità significativa di plagioclasi.
Attraverso lo studio ottico (foto di fig.2) si è potuto riscontrare che si tratta di una roccia a struttura 
porfirica seriata vacuolare con grossi fenocristalli di leucite, a volte analcimizzati, immersi in una 
pasta di fondo ben organizzata composta da un intreccio di più piccoli cristalli; sono presenti anche 
cristalli di clinopirosseno e minerali opachi (forse magnetite). La pasta di fondo è caratterizzata da 
piccoli cristalli di plagioclasio, leucite, clinopirosseno e minerali opachi. Non sono presenti né 
olivina né apatite. 
Si può quindi supporre che si tratti di un basalto sottosaturo, di tipo tefrofonolitico, 
appartenente al magmatismo alcalino-potassico laziale, più precisamente della zona a Nord di 
Roma. Il chimismo (Tab.2c) è perfettamente adeguato per gli elementi maggiori e in tracce ad una 
roccia di questa origine.
I campioni di argilla CT1 e CT2 ?????????????????????????????????????????????????????ltano 
essere argille carbonatiche con abbondante frazione siltosa quarzo-feldspatica.
Il campione di argilla CT3?? ???????? ???????? ??????????? ??????? ??? ?????????? ???? ?????????
siltosa quarzo-feldspatica più scarsa.
I reperti ceramici, per quanto riguarda le analisi archeometriche (Tab.1a,b e 2a,b), possono 
essere suddivisi tendenzialmente in due tipologie: una più numerosa, caratterizzata chimicamente da 
alto tenore in CaO che ben si collega con la presenza di calcite e/o fasi di calcio (clinopirosseni) di 
alta temperatura, formatesi durante la cottura; una seconda, numericamente più scarsa, con bassi 
contenuti in CaO e fasi ad esso correlate.
?????????? ???????? ?????????????? ????? ?????? ???????? ???? ???????????? ???? ???????? ??? ???????? ???
permesso di risolvere la natura degli inclusi supposti chamotte. Infatti, come si può notare nelle 
fotografie di Fig.3, 4, le parti più arrossate visibili nella pasta di fondo sono in realtà porzioni di una 
differente materia prima argillosa, mescolata alla prima in modo non omogeneo: in queste aree sono 
ben visibili quarzo, feldspati, fillosilicati ed ematite. La pasta di fondo è caratterizzata da una 
componente argilloso carbonatica con cavità di origine bioclastica, secondariamente riempite da 
aggregati fibroso raggiati concentrici che, a nicols incrociati, presentano alti colori di interferenza: 
si ipotizza che possa essere o carbonato di calcio o fasi di neoformazione (pirosseno calcico).
?????????? ???????? ????? ????? ??? ???????? ????????? ?? ??????????????????? ???? ?????? ?????????
a???????????????????????????????????????????????????????????????????????????????????????
Per tentare un confronto, anche se abbastanza difficile come si è detto, tra tutti questi 
materiali e le argille naturali, si è proceduto ad una trattazione statistica dei dati chimici mediante 
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cluster analysis, utilizzando il metodo del legame medio. Questa scelta è stata dettata dalla necessità 
di riconoscere, per quanto possibile, una comune derivazione o meno dei campioni in esame, 
utilizzando anche la forte impronta degli elementi minori e in traccia.
Poiché tra i campioni sottoposti ad analisi è presente ??? ??????????????????????????? si è 
????????????????????????????????????????????????????????????????????????????????????????????????????????
Rimini. Questi campioni ????? ?????? ??? ??? ?????? ??????? ??? ???????? ???????????? ?????? ?????? ????????
Vescovado di Rimini, studiati da ricercatori del Dipartimento di Scienze della Terra e Geologico-
??????????????????????????????????????con le stesse metodologie usate in questa sede ( Mazzeo et 
al., 2000; Nannetti e Sabetta, 2005).
Nel grafico di fig. 5 è visibile il dendrogramma della cluster analysis dove i campioni di 
??????????????????????????????????????????????????????????????????????????????????????
????????????????????????????può evincere:
? il solo campione CT44, ????????? ??????? ?? ??? ???????????? ?????????? ?????? ??? ????
meraviglia la scarsa distanza composizionale tra i campioni riminesi e quelli di 
Cattolica, data la vicinanza delle due località;
? i campioni CT38 e CT39, che già ?????????????????????????????????????????????????
caratteristiche peculiari, chimicamente sono estranei a tutta la restante campionatura;
? i campioni di argilla CT1, CT2 e CT3 non pare siano stati usati nella maggioranza 
dei reperti come fonte unica di materia prima, a parte qualche sporadico caso (CT13 
e CT14 per CT3; CT12, CT52, CT47,CT45 per CT1 e CT2);
? i campioni di anfore CT21, CT23 CT24, CT25, CT26, CT27, CT43 hanno 
composizione molto omogenea tra loro, ma anche con campioni di altre classi 
ceramiche;
? per i campioni di anfore CT22 e CT42 si confermano la diversità già riscontrate 
????????????????????????????????????????????????
Considerazioni conclusive
Questo primo esame dei campioni prelevati nello scavo di Cattolica, pur non essendo 
sufficiente per comporre un quadro definitivo e dettagliato di tutte le problematiche emerse, tuttavia 
ha condotto a risultati soddisfacenti e di sicuro interesse, tali da incoraggiare la prosecuzione e 
?????????????????????????????????
In particolare è stata definita e caratterizzata la roccia vulcanica ritrovata nella discarica 
???????? ??? ???????? ?????????? ??????????????? ?????? ???? ???ivazione dalle zone proprie del
magmatismo alcalino-potassico laziale, più precisamente dalla zona a Nord di Roma, ha permesso 
agli archeologi di ipotizzare la sua funzione in questo contesto, avvalendosi del fatto che le analisi 
????????????????????????????????????????????????????????? ?????????????????????????????????? ????????
dei campioni ceramici come additivo. Allo stato attuale delle conoscenze si può supporre che 
venisse importata per sigillare le anfore dopo il riempimento, utilizzo molto diffuso in area tirrenica.
Le due tipologie di argille prelevate dallo scavo, una ricca in calcite e una molto povera, 
sono un esempio delle argille disponibili in questa area per gli impasti ceramici. 
?????????? ??????? ??? ???????????? ???? ??????????? ?????? ?????? ????????? ????????????? ?? ???? ????????????
sono in realtà miscele di due argille diverse: una generalmente più chiara in cottura e ricca in calcite 
e una, limitata ad aree di varia forma spesso allungate e lentiformi, di colore più rossastro in cottura 
e povera in calcite. Questa caratteristica aveva fatto supporre erroneamente la presenza di chamotte.
Parrebbe quindi di poter supporre che due argille di tipologia analoga a quelle analizzate 
possano essere state utilizzate, variamente depurate, per la produzione ceramica quasi mai allo stato 
puro, ma sempre mescolate in varie proporzioni: raramente però è stata raggiunta 
????????????????????????????ra le due argille.
??? ?? ?????????? ???????? ????????????? ??? ???? ????????? ??? ?????????? ?????? ???? ??? ?????????
??????????? ?????????? ????? ?????????? ???? ????????????????? ??????? ???? ????????? ??? ?????????????
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andamento dei granuli, tipico delle lavorazioni al tornio, chimicamente sono arricchiti in Y, Nb, La 
e Ce. Sicuramente sarà necessario un approfondimento ulteriore di studio e un ampliamento della 
casistica per poter giungere ad una corretta attribuzione, resa ora impossibile dalla mancanza di 
riferimenti.
Infine, mediante il confronto su base chimica con campioni di vernici nere di sicura origine 
riminese, è stato possibile asserire che il campione di vernice nera analizzato in questa sede 
appartiene a quella produzione, anche se la distanza, in termini geochimici, tra i prodotti riminesi e 
quelli di Cattolica non è e non può essere marcata, data la vicinanza geografica.
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CAPITOLO 5 
PAPER: Amphorae from Phoinike (Albania): an integrated 
archaeometrical and archaeological approach 
(E. Esquilini, E. Vecchietti, submitted to Journal of Cultural Heritage) 
Il secondo articolo presentato si riferisce al sito albanese di Phoinike (Amphorae from Phoinike
(Albania): an integrated archaeometrical and archaeological approach). 
Phoinike si trova a circa 8 km all'interno della città moderna di Saranda, posta sulla costa ionica 
meridionale dell'Albania, a circa 20 km dal confine con la Grecia. Fu certamente la città più 
?????????????????????????????????????????? ??????????????????a il III ed il II sec. a.C. Lo sviluppo del 
centro abitativo si attesta dal IV sec. a.C al XV sec. d.C.. 
I reperti (vedi appendice F) provengono da un grosso volume di materiale composto da circa 1800 
esemplari di anfore provenienti sia dalla città di Phoinike sia da Matomara uno dei centri del suo 
territorio.
Si è ritenuto opportuno considerare in primo luogo i reperti ceramici provenienti da studi in cui 
????????????????????????????? ?????????????????????? ??????????????????????????????????????????????????
inseriti come marker di produzione locale certa frammenti di tegole. 
Infine è stata effettuata una campionatura di materie prime nelle zone limitrofe al sito, da cui ancora 
oggi viene prelevato materiale per la fabbricazione di laterizi. 
I campioni selezionati di anfore sono stati sottoposti ad analisi archeometrica, in modo da precisare 
la provenienza degli esemplari e contribuire ad implementare la banca dei dati della 
caratterizzazione degli impasti delle anfore di area adriatica ionica. Le analisi hanno evidenziato 
?????????????????????????????????????????????????????????????????????????????????????????????????????????
nel territorio phoinikiota, una problematica ancora sostanzialmente inedita a causa dello scarso 
ricorso, almeno nelle ricerche edite, alle analisi archeometriche sugli impasti ceramici. 
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Ionic basin, and the importance of this kind of analyses to improve and enhance the archaeological 
data.
Suggested Reviewers: 
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1. Research aims 
The paper here presented is part of a wider research project, the Albanian-Italian Archaeological Mission in 
Phoinike [1] led by the Department of Archaeology of the University of Bologna (Prof. Sandro De Maria), in 
collaboration with the Archaeological Institute of Tirana (Prof. Shpresa Gjongecaj).
The Mission, started in 2000 through the financial support of Italian Ministry of the Foreign Affairs (MAE), 
focuses on the study and enhancement of an important Hellenistic-Roman site in the south of Albania, the 
city of Phoinike, ancient capital of the region of the Chaons (Northern Epirus), and its area of influence, that 
covered the extension of the existing districts of Saranda and Delvina, in the valley of the river Bistrica (Fig. 
1).
Significant role in this project is played by the archaeometric analysis on the ceramic materials, carried out 
through survey methodologies able to determine the provenance and the manufacturing technology of the 
pottery. These investigations, not yet applied in large-scale in Albania, are made possible by the long-term 
cooperation between the Department of Archaeology and the Department of Earth and Geo-Environmental 
Sciences of the University of Bologna (thank to Prof. Maria Carla Nannetti and Dr. Vanna Minguzzi).
2. Experimental section:
2.a.1. Introduction. and aim of the research
The Albanian-Italian Archaeological Mission in Phoinike has a long-term tradition of use of the 
archaeometric methodologies applied to the study of the archaeological materials. On the basis of the 
previous experiences of sampling and analysis of the black glazed pottery, which brought to excellent [2], it 
was decided to use the same methods for determining the origin of the fabrics of a number of amphorae from 
the excavation, through the mineralogical-geochemical analysis of the composition of the clay used to create 
these artifacts.
A necessary clarification: the sampling of the amphorae from Phoinike and Matomara SA109 (a site of
Phoinike??????????????above presented, and the selection of different amphora types to sample and analyze, 
was based on historical and economic considerations. We thought in fact that the highest probability to find a 
local amphora production would be during the period of the greatest flowering of the city and of its territory, 
namely, in our case, the III century BC (however characterized by the massive presence of Greek-Italic 
amphoras, a type characterized by a wide variety of manufacturing areas around the Mediterranean). 
Moreover, we detected a strong presence, in our areas of interest, of Greek-Italic amphoras with an unusual 
fabric, pale yellow with a strong presence of chamotte, typical of the peripheral production areas of the 
Greek-Italic amphorae (eg, the Adriatic coast and the Romagna). It therefore seemed appropriate to try to 
determine the possible presence of Greek-Italic local production through the archaeometrical analyses. The 
results have led to even more interesting considerations: all the Greek-Italic amphorae with unusual fabric 
found during the excavation are from the Adriatic, and the area of southern Albania has a local, but much 
earlier, dating back to the period starting from the fifth to the beginning of the third century BC.
The results of those analyses, started, as said before, from the sampling of black glazed pottery exemplars, 
were interesting also because they added new data to what had already emerged from the excavations: in 
Phoinike the archaeological surveys found some evidence of the existence of craft activities related to the 
production of ceramic vessels, traces that have never been supported by the presence of kilns [3]. Those 
traces are a fragment of a mould for Megarian cups, artifacts that might be interpreted as kiln-rings and many 
ceramic fragments deformed by exposure to high temperatures. Although these evidences are not all 
attributable to a local production of black glazed pottery, the fact that the black glazed pottery forms found in 
a great number in Phoinike are quite absent in literature has led to suppose that in this center a local, specific  
production took place, consideration able to address the archaeometrical investigations.
In addition to the sample analysis, the survey was enhanced by the inclusion, in the cluster, of samples of 
artifacts produced in situ or in the surrounding area (bricks and dolia) and raw materials (clay) taken from 
modern quarries and in the neighborhood (see below the discussion of the data).
2.a.2. Material 
The mineralogical, petrographic and geochemical survey was performed on 22 samples of amphorae, 2 
bricks, 1 dolium and 4 samples of raw materials, used as markers (see Table 1). Significant markers are also 
the tile fragment (LAT-A) and the fragment of mould for Megarian cups (MATRICE PH), previously 
analyzed in the sample of local black glazed pottery (see also below, § 2.b.).
Corinthian A amphorae [4]
Manuscript
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The beginning of the production of Corinthian A amphora, documented by Carolyn G. Koehler, dates back to 
700 BC, and probably continued until 300 BC.
The production sites are still unknown. 
Corinthian A amphorae are well attested in the Ionian basin, as well as in Greece, southern Illyria and Epirus. 
All the three sampled here examined come from the territory (Matomara-SA109). They present them strong 
similarities with each other, in terms of the composition of the fabrics, and they are also compatible with 
another sample, a Corinthian A' amphora (PH-03), also supposed of Corinthian origin.
The stratigraphic context does not help us to specify the date, fluctuating according to comparisons between 
the second half of the VII to the early V century BC.
Corinthian A' amphorae [4]
The Corinthian A' amphorae, as the Corinthian A, are oil transport containers.
The morphological evolution of the type is derived from the earlier Corinthian A, and begun to be produced 
from the second quarter of the V century BC, with a prevalence during the IV-III century BC.
The Corinthian A' amphorae, spread in large numbers in the Mediterranean region, are probably produced 
until at least the middle of the II century BC (the latest dated evidence is from a context in Athens of the late 
third quarter of the III century BC) [5].
?????????????????????? ????????????????????? ???????????????????????????????????????????????
The examples here presented show two types of fabric (the latter two subtypes), both known in literature [6]:
1. coarse, reddish-pink (similar to that of the Corinthian A): PH-03 sample;
2. beige (more similar to that of the contemporary Corinthian B amphorae): samples PH-29 (coarse) 
and PH-08 (smoother). 
??????????????????
In the site of Matomara-SA109 a fragment of an amphora lip was found, with a high band rim with a round 
profile in the outside, separated from the neck by a groove. The fabric is dark brown. 
This piece can be recognized as a rim of oil transport "laconic" amphora, Type II (attested in the second half 
of the VI century, especially in southern Italy, Sicily and Etruria), characterized by the absence of paint on  
neck and lip.
Corinthian B amphorae [4]
Corinthian B amphorae, probably used for wine transport, appear starting from the last quarter of the VI 
century BC, and continue to be produced until the II century BC.
The examples here presented are from Matomara-SA109, and are characterized by a ceramic body of fine 
fabric, light colored (pink, beige or greenish), very similar to the fabric of the pottery from Corcyra (the 
reason for which it was assumed the production of this type of amphora in the Corinthian colony of Corcyra). 
A single exemplar of Corinthian B amphora comes from the city of Phoinike .
Hellenistic Corinthian B amphorae [4]
The Hellenistic Corinthian B amphorae are the earlier amphora type found in a large numbers in the city of 
Phoinike.
The same type is very little represented in Matomara-SA109, where it was found in a single exemplar, 
dating, on the basis of the shape, to the second half of the IV century BC.
From the point of view of the distribution in Phoinike and territory, there is a good number of Hellenistic 
Corinthian B amphorae in the urban area, distributed in different contexts (both in closed contexts, both in 
the surface), so as to indicate this type among the best attested of the entire corpus of the transport 
containers. Still unknown the reason if the almost complete absence of the type in Matomara-SA109, a 
singular coincidence, given the general large number of amphorae found in the peripheral site. 
Greek-Italic amphorae [7]
A very widespread category, both in the city, both in the territory (and in the whole area of Albania), is the
greek-Italic wine amphora massively popular in the Mediterranean from the end of the IV to the II century 
BC. In Phoinike, this type seems to be contemporary, judging by the coexistence of two types within the 
same stratigraphic deposits, with the exemplars of Hellenistic Corinthian B. 
Lamboglia 2 amphorae [8, 9]
Amphorae of Lamboglia 2 type are frequently found in the city of Phoinike, and well documented also in 
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Matomara-SA19. Such a widespread distribution is typical of entire the territory of Albania, reflecting the 
interest of the Italic ? and especially Northern Italic ? mercatores in the eastern shores of the Adriatic sea 
during the first half of the I century BC [10].
Dressel 6A amphorae
Wine amphorae have been produced in various centers of the western Adriatic since the end of the I century 
BC, the Dressel 6A amphorae are well attested both in Phoinike, both in the site of Matomara-SA109 (in 
which those exemplars characterize the last phase of life before the final decline of the settlement).
The Dressel 6A amphoras represent the last great period of the Italic ? and in particular the Adriatic ?
imports, to Phoinike. To the abundance of products coming from the west coast of the Adriatic sea (from the 
III century BC to the I century AD) corresponds, for the subsequent period, a sharp decline in imports and a 
strong rise of eastern imported goods (especially from the eastern Mediterranean, increase visible not only 
for the transport containers, but also for the fine ceramic tableware (terra sigillata).
Spatheia
Attested in at least a dozen of individuals in Phoinike is the spatheia, spindle-shaped amphorae used for 
transporting fine and expansive products, such as oil, fish, olives, fruit, coming from Tunisia. The spatheia
from Phoinike belong to different chronologies, between the V and the VI century AD.
???????????????????????????????????? ?????????????????????????????????????????????????????????????????????????????
quarries. The surroundings of the excavation has, since the Roman times, been subject to continuous land 
reclamations, because of the swampy areas on which the promontory of Phoinike is located. Also starting 
from the 50's, to develop the agricultural soil exploitation, insufficient for the needs of a growing population, 
terraces were created, digging mechanically the loamy slopes of the southern part of the Albanian land, 
completely upsetting the entire landscape [11].
Two samples (MP-01 and MP-02) come from a modern quarry used by a company for the manufacture of 
bricks, the other raw materials (MP-03 and MP-04) were taken near the site of Phoinike.
2.b. Analytical techniques
From each selected ceramic exemplar chosen for the analysis a portion of the size suitable to allow the 
execution of the mineralogical and geochemical analysis was cut. The surface of the sample has been 
carefully cleaned with a diamond file, to remove material residues of the burial. 
Once cleaned, the samples were pulverized and underwent to the mineralogical analysis by X-ray diffraction 
analysis (Philips PW????????????????????????????????????????????????????????????????????????????????? ???
The area was scanned between 2 ° and 60 ° ?????????????????????? ???????????????????????????????????????
phases, oriented preparations were used, obtained by coating a mixture of powder and deionized water on a 
glass slide. The analysis revealed the mineralogical phases present in the samples and provided a 
semiquantitative rate of the same phases, using for each phase the relative intensities of the main peaks.
The data on chemical composition (10 major elements and 16 elements in trace) were obtained through 
fluorescence to X rays (Philips PW1480 spectrometer) on a tablet of pressed powder on a support of boric 
acid.
Finally, the samples underwent to thermal analysis (TG, DTG, DTA) with heating temperature from ambient 
temperature to 1000°C, in CO2 atmosphere, and with a heating speed of 20°C per minute, using thermal 
apparatus SETARAM LABSYS. This analysis allowed to quantify the loss in weight in % (LOI), suffered by 
the sample in different temperature ranges, and to quantify the content of carbonate phases present in very 
small amounts. 
Subsequently, the obtained chemical data were treated statistically by cluster analysis through the method of 
average bond, calculated using SPSS (version 15.0) and binary diagrams, to better highlight the geochemical 
similarities of the samples, to test the hypotheses of origin. To this aim, comparisons were made with 
bibliographic data selected on the basis of the assumptions from the archaeological studies; moreover, within 
the sample were included, as markers of certain local production: tile fragments (PH-26, PH-27, PH-28), a 
mould for Megarian bowls (MATRICE PH) and a sample of brick of the Roman period (LAT A) previously 
analyzed [12].
2.c.1. Mineralogical composition 
Table 2 shows the mineralogical composition, obtained by XRD analysis of all samples of amphorae, the raw 
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materials, the mould for Megarian bowls (MATRICE PH) and the brick LAT A.
The data have a semi-quantitative value. From the analysis of the table it is clear that the predominant phase 
in all the fragments of amphorae are the quartz.
The feldspars are present from low (especially K-feldspars) to very large quantities (plagioclase), with the 
exception of some samples that are free, respectively, of K-feldspars (PH-05, PH-10, PH-29) and of 
plagioclase (PH-27).
Notice the sporadic presence and little relevance to hematite, except for sample PH-05, which contains a fair 
amount of it.
Notice also the almost universal presence of clinopyroxenes in variable quantity (except for samples PH-27,
PH-28, PH-30, PH-31 that do not show this mineralogical phase), evidence of the high degree of cooking 
temperature to which the ceramic samples were subjected.
Finally, we noticed the presence, in some fragments, of gehlenite, a mineral that also demonstrates the high 
degree of cooking temperature achieved by the samples that contain it.
In fact, the gehlenite and the pyroxene (diopside in particular), both Ca-silicates, are formed at high
temperatures, such as secondary phases during the reaction between carbonates and silicates contained in the 
raw materials. Their quantity is related to the original high content of carbonates and to the high cooking 
temperature reached.
Samples with high contents of CaO and Ca-silicates phases of high temperature in quantities from low to 
absent, but with abundant presence of calcite, are considered ceramics fired at temperatures below 700°-
800°C. While samples with high contents of CaO, abundant secondary phases Ca-silicates and stages of 
calcite relics, are considered artifacts cooked at temperatures of 800-900°C [13, 14, 15].
However, clinopyroxenes may also be present originally (primary stages). In the former case the content of 
Ca and Sr are correlated with each other and in the latter are not. Sr is an element geochemically compatible 
with Ca in carbonates and not in silicates; a good correlation between the two indicates that the phases of Ca-
silicates of high-temperature are derived mainly from carbonates in the raw materials.
With regard to the mineralogical analysis of the MATRICE PH, we saw that its composition is similar to that 
of many samples; moreover, traces of the wrecks of illite were noticed, that are perhaps indicative of a 
cooking temperature not high enough for a complete transformation of this phase.
In the LAT A brick can be seen that the predominant phase is the quartz; the feldspars and the calcite are 
abundant and traces of dolomite and phases of wrecks of illite are present. Clinopyroxenes are present only 
in traces, indicating a not high degree of cooking, it was also detected the presence, always in traces, of 
hematite.
In the raw materials which have not been subjected to cooking, the illite and smectite clay components have 
been identified in the samples MP-01 and MP-02, while in the samples MP-03 and MP-04 the presence of 
chlorite was highlighted; carbonates are present in high abundance only in the samples MP-03 and MP-04,
and finally there was a scarce amount of clinopyroxenes in the samples MP-01, MP-02 and MP-03.
2.c.2. Geochemestry and statistical analysis 
The geochemical composition of analyzed samples, expressed in percentages for the major elements and in 
parts per million (ppm) for the elements in traces, is shown in Table 3.
The same table also indicates the Loss On Ignition (LOI) percentage quantity recorded in thermal analysis, 
covering the range 200-1000°C.
The loss in weight recorded at below 200°C (adsorbed water) was not considered in calculating the total 
LOI, inserted in the chemical analysis, because it is considered a variable and random parameter, thus not 
discriminating.
The raw materials present chemically significant differences: a zero LOI value have been given to compare 
them with the cooked materials.
Among the major elements large differences in CaO content were found: in the first two samples, MP-01 and 
MP-02, the values are around 1-2 wt%, while in the other two samples, MP-03 and MP-04, the content of 
this element is between 40-50 wt%. 
The content in SiO2 shows significant differences: in the samples MP-01 MP-02 the silica is more than 60 
wt%, while in the remaining raw materials is between about 30-35 wt%. 
These marked differences are evident in the elements in trace; e.g. the Cr contents are very different, in MP-
01 MP-02 and 548 ppm and 774 ppm respectively, whereas in MP-03 and MP-04 217 ppm and 191 ppm.
Most of the analyzed fragments presents a fairly homogeneous content of major and minor elements, except 
for some variability in content of CaO and MgO, while in a small number of samples the differences in the 
main composition and in the contents of elements in trace appear more significant. In order to better 
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highlight such anomalies the chemical data were processed using binary statistical calculations and diagrams.
Figure 2 shows the dendrogram of the cluster calculated from the data shown in Table 3; P2O5 and LOI were 
excluded from the processing, because their value is affected by the post-depositional processes.
2.d. Results 
By integrating the data of the raw materials, the ceramic fragments and the referring samples, five different 
groups, identified in the cluster analysis, could be established (Fig. 2).
- The first group (I) is chemically characterized, with regard to the major elements, by SiO2 contents of about 
40 wt%, a high CaO content of nearly 20 wt%, and a strong depletion in Na2O (0,33 wt %) and K2O (0,97 
wt%); between the elements in trace, can be seen V and Zn contents below 100 ppm and a content of Ba 
higher than 1700 ppm.
From a mineralogical point of view the samples are characterized by quartz, low contents of feldspars (K-
feldspars and plagioclase) and of hematite and discreet content of clinopyroxenes, gehlenite and calcite. The
present mineralogical phases established that the cooking temperatures reaches about 900°C.
Morphologically, these amphorae refer to an Aegean production. 
- The second group (II) consists of two samples of raw materials (MP-01 and MP-02), referring samples 
(MATRICE PH and LAT A), fragments of bricks gathered from the site of Phoinike and amphora fragments. 
This group can be defined as locally produced, for the reason that the referring samples had been suggested 
by both the archaeological survey and by the subsequent archaeometrical investigations on the local 
production of black glazed pottery [12].
Chemically, the products are characterized by SiO2 content of about 52 wt%, some variability of the contents 
of CaO, and also show a strong enrichment in Cr (about 450-500 ppm) and high Ni contents (300-350 ppm).
Mineralogically, the samples are characterized by the presence of quartz, discrete content of feldspars, the 
plagioclase in greater quantities than K-feldspars, discreet presence of clinopyroxenes, with the exception of 
the samples PH-27 and PH-28, that do not present these mineral phases, but since they are bricks, they could 
have been cooked at low firing temperatures (700-800°C) which did not lead to the formation of these 
mineral phases. In almost all the exemplars calcite is present in amounts ranging from discreet to abundant, 
and finally in almost all the samples traces of hematite can be seen. Cooking temperatures stood between 
800-850°C. 
The archaeometrical analysis conducted on two samples (PH-04 and PH-11) of Corinthian B amphorae 
??????????????????????????????????????????????????????????????????????????????????????? ???????????????????????
Central, the vast majority of Corinthian B amphorae show the clear mixture common to those here analyzed, 
a factor that leads to draw two conclusions: 
1. ?????????????????????????????????????????????????? ???????-Ionian basin, from the early hellenistic 
period, in which the trades take place mainly between the two sides;
2. the central role, in the commercial context of the time, of the island of Corcyra.
In addition, two samples of Hellenistic Corinthian B amphorae found in Phoinike (PH-02 and PH-25) appear 
to have a local origin. 
- The third group (III) is composed by only two samples; they have a slightly higher Al2O3 content than the 
previous group (about 17 wt%) content and lower Ni and Cr (250 ppm and 200 ppm). Mineralogical level 
fragments are composed of a discrete quantity of feldspars (K-feldspars and plagioclase) and a low amount 
of clinopyroxene. The sample PH-12 has a low amount of gehlenite, while the PH-08 sample shows a low 
amount of calcite. Both show evidence of hematite. The sample PH-12 did not only reveal any similarity 
with the remaining samples of Phoinike and of its territory, but neither with the other referring samples of the 
Adriatic sites: this discrepancy suggested therefore the possibility of an area of supply of raw materials not 
covered from the test samples, such as the region of the southern Greece (Lakonia). The amphora PH-08,
although it was classified as a Corinthian A?????????????????????????????????????????????????????????????????????
sample.
-The fourth group (IV), is composed by samples chemically characterized by medium-high contents of CaO, 
and Cr and Ni contents much lower than other groups. Mineralogically the group has a fair amount of k-
feldspars (with the exception of the samples and PH-10 PH-05) and a good presence of plagioclase and 
clinopyroxenes. Only the sample PH-15 has the mineralogical phase ghelenite, indicating a high cooking 
temperature. All the samples show evidence of hematite. Only two specimens (PH-24 and PH-15) present 
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calcite.
The results of the archaeometrical analyses conducted on the Greek-Italic amphora samples, Dressel 6 and 
Lamboglia 2 from Phoinike and Matomara-SA109 (PH-06 and PH-24) have verified what has already 
emerged from the autoptical observation: the Adriatic provenance of the fabrics characterized the 95% of the 
exemplars found during the excavations. This data, related to the lack of stamps on the Greek-Italic 
amphoras of Phoinike and territory, suggests, in addition an absolute prevalence of the Adriatic products in 
Phoinike??????????????????????????is mainly from the middle Adriatic region.
- The fifth group (V) is composed by amphorae which are distinguished from other since now analyzed for 
the high Al2O3 content, low contents of CaO with the exception of the sample PH-03, which has a content of 
about 8 wt%. High contents of V and Rb. 
From a mineralogical point of view the samples have a low amount of k-feldspars (except for PH-29, which 
instead has a fair amount of plagioclase, while the remaining fragments show a small amount of that mineral 
phase). Only the sample PH-03 shows a discrete quantity of gehlenite, the samples PH-30 and PH-31 have a 
low amount of calcite; and finally the sample PH-31 has a fair amount of smectite, due to an incorrect 
cleaning of the surface layer of the exemplar.
It is therefore necessary to assume the feature of imported products for the Corinthian A amphorae from  
Matomara-SA109.
This macroscopic difference of the fabrics was also reflected by the archaeometrical analyses, which showed 
the relation of the examined samples with different families: while PH-03 is similar to individuals of 
Corinthian A amphoras, PH-08, as we have just seen, has a good familiarity with the sample of laconic 
amphora PH-12.
The results of both autoptic and archaeometrical analyses thus led to hypothesize a number of production 
centers and trade routes, which flank the main trade coming from Corinth. This data is essentially able to 
verify what has already been supposed by Rita Auriemma [16].
The cluster is closed by the remaining samples of raw materials MP-03 and MP-04. These samples differ 
completely from any other sample because of their high content of CaO (about 45 wt%), the low SiO2
content (30 wt%) and the absence of Zr; in mineralogy, calcite is the main component; moreover, they 
present a small amount of chlorite, of feldspars, and finally in the sample MP-03 a low amount of 
clinopyroxenes is noticeable.
Looking at the Ni vs Cr binary diagram (Fig. 3) the different origins of the samples of the group IV is 
confirmed (group which falls at the bottom of the diagram) in relation with the other analyzed exemplars. In 
fact, the group IV, composed by Adriatic amphorae, shows Cr and Ni contents much lower than other 
products, while high values of these factors confirm various Greek production [17, 18, 19].
The Al2O3 vs Ni diagram (Fig. 4) shows, as in the previous diagram, the Adriatic production, characterized 
by a depletion in Ni. In this figure stands out clearly the group of locally produced amphorae from the 
remaining groups of Greek production. Note the excellent separation of the group of Corinthian amphora, 
with a high content of Al2O3.
Conclusions
From the examination of the gathered mineral-geochemical data and on the basis of the archaeological 
information, the following considerations can be made:
? the amphorae PH-14 and PH-17, mineralogically characterized by the presence of phases such as 
clinopyroxenes and gehlenite, have achieved high cooking temperatures (900°C), indicating a very 
effective manufacturing technique.
? 6 amphorae found in the site of Phoinike and in the satellite-site of Matomara-SA109 appear to be 
locally produced. This was demonstrated by the mineralogical and geochemical similarities found 
both with the referring samples LAT A and MATRICE PH, and with samples of  raw materials taken 
from a modern quarry used for the manufacture of bricks (MP-01 and MP-02). Moreover, into this 
group (II) also fall the fragments of bricks and the fragment of dolium taken from the site of 
Phoinike. The local production is characterized by a good enough technology (for the cooking 
temperatures reached), demonstrated by the presence, inside the ceramic body, of moderate amounts 
of clinopyroxenes, phases of high temperature, which show that the temperature reached at least 
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800-850°C; the concomitant presence of calcite may be due to re-carbonation during cooling or 
burial processes.
? The sample PH-08, although ????????????? ????????????????????????????????????????? ???????????
completely from the others, and shows familiarity with the sample PH-12, which is assumed to come 
from Laconia. The lack of reliable data leaves uncertain the possibility of a provenance from 
southern Greece.
? Is confirmed the hypothesis (on the basis of the archaeological data) of a huge import activity of 
Greek-Italic, Dressel 6 and Lamboglia 2 amphorae from the western Adriatic region. It is evident 
from the archaeometrical data, showing a strong depletion of chemical elements such as Cr and Ni, 
normally present in high quantities in the productions from Greece. The territory of Chaonia 
represents a privileged area of consumption of wine from the Italic Adriatic coast, which, between 
the III and the II century BC, begin to  juxtapose those coming from the Corinthian and local areas. 
The Italic-Adriatic products will overcome, in the balance of imports, all the other imported goods in 
shipping containers.
The different provenance of the Corinthian amphorae from Matomara-SA109 has been highlighted, which 
fell into the group V; from the point of view of the different location within the cluster, the sample of 
??????????? ?????????????-08) document the variety of production centers and trade routes, which flanked 
the main provenance, coming from Corint.
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Captions for figures:
Figure 1. Localization of the archaeological site of Phoinike (and of the  Chaonian region) in Albania (top-
left), the hill on which the ancient city of Phoinike ???????????????????????????????????????????????-right) and the 
commercial routes connecting the territory of Phoinike with the main ports: Onchesmos-Saranda and Butrint 
and with the Drinos valley (below).
Figure 2. Dendrogram of the cluster analysis.
Figure 3. Figure Binary diagram Ni vs Cr.
Figure 4. Figure Binary diagram Ni vs Al2O3.
Tables with titles:
Table 1. Table of the samples taken into consideration during the analyses.
Table 2. Semiquantitative mineralogical analysis obtained by XRD of amphorae, raw materials and referring 
samples.
(Qz=quartz; K-feld=K-feldspars; Plg=plagioclase; Cpx=clinopyroxene; Geh=gehlenite; Hem=hematite;  
Ill=illite; Cal=calcite; Dol=dolomite; Sm=smectite; Chl= chlorite.
xxxx=very abundant quantity; xxx=abundant; xx=significant; x=modest; tr=traces)
Table 3. Chemical analyses of the amphorae, raw materials and referring samples (major elements expressed 
in oxides wt%, and trace elements expressed in ppm).
Captions
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CAPITOLO 6 
PAPER: Greek Italic amphorae in the Adriatic basin 
(E. Esquilini, V.Minguzzi, M.C. Nannetti, J. Perez-Arantegui submitted to Archaeometry) 
Poiché uno degli obiettivi di questo progetto di ricerca è stato il tentativo di ricostruire le rotte 
commerciali in area adriatica, è stato sottomesso un articolo riassuntivo di tutte le evidenze fin qui 
emerse dallo studio dei vari siti. Per fare ciò è stato necessario determinare la provenienza delle 
anfore rinvenute in ogni singolo sito: dei 183 reperti presi in esame, ben 106 anfore sono risultate 
essere di provenienza adriatica certa. 
??????????????????????????????????????????????????????????????????????????????????????? ???????????????
geochimiche delle anfore adriatiche. Elaborando statisticamente i dati geochimici relativi a queste 
106 anfore si è potuto confermare alcune ipotesi archeologiche formulate in questi anni e delineare 
alcune probabili rapporti commerciali fra i siti presi in esame. 
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INTRODUCTION 
This paper concerns mineralogical, petrographical and geochemical studies relating different types of 
ceramic archeological finds coming from excavation sites, both Italian and foreign. 
In particular, this project focuses on the study of the production and circulation of Greek-Italian amphorae in 
the Adriatic area. 
Ceramics is one of the most used archaeological marker for dating and individuating the commercial routes 
and economical situation of the sites, as well as for understanding the technological level of the ancient 
societies. In addition, ceramic artefacts is one of the most documented find in the archeological sites. 
In the Roman culture, amphorae represented the most used shipping containers and were considered as an 
“index fossil” for the commercial routes. 
The study of amphorae in terms of their production and selling is fundamental for  historical-archeological 
research works and in particular for: 
− The identification of local productions through the archeometric comparison between ceramic 
samples and raw materials; 
− The understanding of the technical and technological procedures for the production of amphorae 
(raw materials, supplying sites); 
− The individuation of the ancient commercial routes and the movements of goods through the 
different territories of the Roman world, both on large and intra-regional scale; 
− The understanding of the socio-economical mechanisms of the ancient world through the analysis of  
amphora stamps. 
The archeological sites Fig.1 considered represent a positive expression of the main production of amphorae 
within the Adriatic region, on both sides: Adria (Veneto), Cattolica, Rimini, Spina (Emilia-Romagna), Suasa
(Marche) and Phoinike (Saranda region, Albania). The Adriatic context represents a different and remarkable 
example, also for the presence, in many of the sites taken into consideration, of places were raw materials 
could be sourced. 
SAMPLING 
The analysis were carried out on 106 amphorae coming from the above mentioned sites. Previous studies had 
established that the amphorae taken into consideration came from the Adriatic regions (Esquilini, 2008; 
Morandi et al.,2000). 
Cattolica –The archeological site of Cattolica was discovered in June 2004: the archeological excavations 
have brought to light a wide dumping of ceramic materials. 
The dumping consisted of a quadrangular storage site in the clay, with irregular sides and perfectly vertical 
walls. The dumping was homogenously filled with different types of ceramic materials such as: a wide 
number of amphorae (about 848), parts of cylindrical dolia, bricks, many fragments of common ceramics 
(amongst which seem to prevail trays and mortars), a good percentage of decks, a high number of concotto
rests and refractory mudbricks. 
The amphorae, all of Greek-Italic type, present two different kinds of mixture: a pink-beige, featured by a 
high presence of reddish spots, occurring as mid to small grains locally elongated with an aspect similar to 
the chamotte; a second featured by a grey-greenish colour, without the presence of  chamotte but with large 
grey globules. 
Rimini –The finds subjected to archeometric analysis were chosen among a very large number of amphorae 
brought to light from several archeological excavations in the city. The choice of the samples was based on 
the kinds of mixtures which characterize the amphorae. The chosen greek amphorae contain numerous 
reddish stripes chamotte-like.  
Page 1 of 22 Archaeometry
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
92
For Peer Review


Two mixture type were identified: the first is beige-reddish with middle-small roundish red or dark red clasts 
(chamotte); the second is orange-reddish with a large number of roundish red  clasts (chamotte). 
Phoinike –This site is placed about 8 km far from the modern city of Saranda, which is located on the south 
coast of Albania, and about 20 km far from the Greek’s border. During the Hellenic age, between the III and 
II century B.C., this was certainly the most representative city of this region. The development of the 
inhabited centre dates back between the IV century B.C, and the XV century A.C.  
The finds come from a great quantity of materials consisting in about 1800 types of amphorae sourced both 
from the city of Phoinike and Matomara, which is of on the centres of its territory. 
The amphorae identified as coming from the Adriatic area are several types (Lamboglia 2, Dressel 6A and 
Italic Greek) (Vecchietti, 2010) and feature beige and pink mixtures with included roundish red spots 
(chamotte). 
Suasa –The site of Suasa is placed in the medium valley of the river Cesano, in the inland of Senigallia, on a 
valley floor terrace on the right of the river which is today called Pian Volpello, located in the village of 
Castelleone di Suasa (Ancona). Its development as small agglomerate is linked to the individual deductions 
decided by Rome in 232 B.C., to become later an autonomous center during the I century B.C. The Greek-
Gothic war (VI century A.C.) and its terrible consequences determined the end of Suasa.  
A part of the studied samples (stamped amphorae) comes from an archeometric study undertaken during the 
past years (Morandi et al., 2000). New finds were collected, mainly characterized by the presence of the 
production stamp. The finds represent a collection of the amphora types (Lamboglia 2, Dressel 6A, from 
Brindisi and small amphoras with flat base) which were possibly available within the Adriatic basin between 
the  III century B.C. and the IV century A.C. These stamps allowed for the certain identification of some 
finds, while for the finds without stamp was possible to carry out only an uncertain morphologic 
identification. The amphorae feature different types of mixture whose colours range from red and pink to 
beige, while it is possible to notice the presence of reddish materials commonly called chamotte.
Spina –The site of Spina is placed about 4,5 km far from Comacchio, near the mouth of the Po Spinetico. 
This site was an important receiving and sorting centre for the goods imported from the Mediterranean to the 
Po inland. The culture of this area was greatly influenced by the contacts and trading with Greece. The story 
of Spina took place during three centuries. Established at the end of the VI century B.C. at the mouth of the 
river Po, it reached its upmost economical development between the second half of the V century and the 
first half of the IV century B.C., to finally decade during the III century B.C due to  the raids of the Celtic 
tribes which broken up the structure of the northern Etruria. The amphorae are of the Italic-Greek type and 
feature two different kinds of mixture: the first shows a reddish colour and the presence of  inclusions and 
dark reddish stripes of varying sizes (chamotte); the second is beige with a large number of red inclusions 
(chamotte). 
Adria –Established around the VI century B.C. as a commercial area, and representing a meeting point for 
large route traffics between the Mediterranean and the continental Europe, Adria soon played a role of 
international importance as attested by the numerous finds of high value materials. The decline, presumably 
due to several factors, primarily the burial of the port, apparently causes a cessation of activity in mid-late 
imperial era. 
The amphorae, of the Italic-Greek type, show either red mixtures with black inclusions, or beige mixtures 
with abundant of red inclusions of different sizes which presumably are chamotte. 
ANALYTICAL TECHNIQUES 
From all of the selected ceramic finds to be studied, portions were cut of such a dimensions to allow for 
petrographic, mineralogical and geochemical analysis. The surface of this portion was carefully cleaned with 
a diamond file in order to remove rests of possible soil residuals. 
Thin sections of some samples were preparated for the observation with the polarizing optical microscope, 
while some particularly relevant samples were analyzed by Scanning Electron Microscopy (SEM), at the 
Dept Analytical Chemistry, Faculty of Sciences, University of Zaragoza, Spain. The SEM was equipped with 
a system for Energy Dispersive X-ray Analysis, EDXA (Oxford Instruments, INCA x-sight). Cross-section 
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preparations were obtained by cutting with a diamond saw the samples embedded in an epoxi resin. Samples 
were prepared as polished ceramic cross-sections and were carbon-coated afterwards for quantitative 
analysis, or just directly monitored for the observation of the surface characteristics. 
Once cleaned, the samples were pulverized and underwent a mineralogical analysis through X-ray diffraction 
analysis (Philips PW1710 diffractometer, radiation using a CuKα radiation at a voltage of 40 kV and an 
intensity of 40 mA. The area was scanned between 2° and 60° 2θ). Only for the raw materials oriented 
samples were used, which were obtained by spreading a mixture of powder and deionized water on a slide, in 
order to show better the clayey phases.  
The data relative to the chemical composition of major and minor elements (SiO2, TiO2, Al2O3, Fe2O3, MnO, 
MgO, Na2O, K2O, and P2O5) and trace elements (Sc, V, Cr, Co, Ni, Cu, Zn, Rb, Sr, Y, Zr, Nb, Ba, La,Ce) 
were obtained through X-rays fluorescence (Philips PW1480 spectrometer) from compressed powder 
compounds on a support of boric acid. Additional analysis for Na, Mg, Al, K, Ca, Ti, Mn, Fe, Sr and Ba 
were obtained by ICP-AES using a Thermo Elemental Iris Intrepid Radial spectrometer at Dept Analytical 
Chemistry, Faculty of Sciences, University of Zaragoza, Spain.  
Samples from Rimini, Cattolica and Suasa were analysed by both to XRF and ICP. The latter, which is not 
subject to matrix effects has been used to attest to the goodness of the data obtained by XRF. 
Finally, the samples underwent a thermal analysis (TG, DTG, DTA), with room temperature up to  1000°C, 
CO2 atmosphere, and with a heating speed of 20°C for minute, through a SETARAM LABSYS thermal 
equipment. This analysis allowed for the individuation of the weight loss percentage (LOI) of the sample 
according to different temperatures, along with the content of carbonate phases, even when in minimum 
quantity. In calculating the LOI used for processing of chemical data was used the loss of between 200°-
1000 ° C. 
Later the chemical data obtained were statistically treated through Q-Q plot, ANOVA (analysis of variance)
integrated with the Bonferroni test and then discriminant analysis (Vitali & Franklin, 1986), in order to 
underline the geochemical similitude of the samples and identify their provenance. 
RESULTS AND DISCUSSION 
-Mineralogical composition 
The mineralogical composition of the amphorae is connect d to both the origin of the raw material and the 
temperatures achieved during the firing process. 
The charts in Fig.2 represent the different quantities of the mineralogical phases observed in the diverse sites 
taken into consideration. Quartz is not plotted, since it is present as predominant phase in all of the samples 
of the six sites. 
Also feldspars (K-feldspar and plagioclase) are mineralogical phases present in almost all of the samples. 
In particular, the fig shows that the plagioclases are more abundant than the K-feldspars, in particular in the 
site of Suasa where in about half of the samples K-feldspars is lacking. 
Most of the samples contain clinopyroxenes (indicators of high firing temperature if not already present in 
the raw material) in quantities ranging from moderate to large and very large in the sites of Cattolica and 
Adria. By contrast, clinopyroxenes are not present in a few samples from Suasa and in single samples from 
Rimini and Adria sites. 
Another mineralogical phase indicating high firing temperatures is the gehlenite, which is present in diverse 
quantities of some finds in Rimini, Suasa, Adria and Phoinike, but it is not present in the samples of the sites 
in Cattolica and Spina.  
Calcite in present in almost all of the samples, although in very different quantities, ranging from traces to 
very abundant amounts noticed in a sample coming from Adria and another one from Rimini. 
Dolomite, instead, is present in low quantities in a few number of samples coming from all of the sites, 
except for the site of Phoinike where dolomite is absent. 
Almost all of the samples contain traces of hematite and illite. 
Besides the phases observed in all of the amphorae, it is underlined the presence of accessory phases which 
were not plotted since they are present only some samples from the different sites: 
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− analcime, only in a few samples coming from the sites of Cattolica, Adria and Rimini, in variable 
quantities ranging from moderate to very abundant (one sample from Cattolica) (Esquilini, 2008); 
− tremolite, only in a few samples from Adria, in quantities ranging from moderate to traces; 
− gypsum, only in the site of Spina and in one sample from Adria, in quantities ranging from moderate 
to traces; only one sample from Spina presents a relevant quantity of this mineralogical phase. 
In order to quantify the gypsum a thermal analysis was carried out. The data collected show that the values 
are equal to1% c.a.: these poor quantities do not influence the chemical composition of the samples. 

-Petrographic composition 
Petrographic analyses were carried out on sections of amphorae coming from the sites of Adria, Rimini,
Suasa and Cattolica. Later, only the samples from Cattolica were studied with the electronic microscope 
(SEM) to examine in details the features of the compound of the amphorae. 
The amphorae from Adria have a framework constituted by quartz, feldspar and phyllosilicates: white mica 
of the muscovite type and brown mica of the biotite type. The matrix is made of clayey phases which are in 
some points vitrified. The most part of the samples show a large quantity of calcite clots or recrystallized 
calcite within framework bioclasts. The imprints of the bioclasts are filled either with calcite, as we have just 
stated, or with framboidal pyrite. Moreover, the observed thin sections present lithic fragments (flint, 
calcarenites) and cocciopesto (chamotte). 
Only two samples from Rimini were analyzed, since they present high calcite contents. The optical study 
revealed that the matrix is rich in oxides and clayey phases, sometimes vitrified. The calcite is always present 
and reveals the presence of bioclasts, whose inner part is filled either with calcite or framboidal pyrite. The 
framework is made of quartz and feldspars, with the presence of phyllosilicates (white mica and  biotite) and 
lithics fragments (flint, calcarenite) and cocciopesto. The presence of polycristalline components (volcanic 
rock) occurs in one sample. 
The samples from Suasa present different mineral phases such as: quartz; feldspars; clinopyroxenes; mica 
and Fe-oxides. Almost all of the sections present large quantities of quartz in single crystals with different 
dimensions. Quartz grains have sharp edges and mainly angular shape. In addition, less abundant feldspars in 
single crystals were individuated.  In most cases plagioclases can be observed. Some samples display rare 
fragments of medium- to fine –grained clinopyroxenes with stubby shape and grain contours changing from 
sharp to vague. In addition, thin lamellas of white mica occur with vague contours and extremely fine grain, 
along with fine-grained euedral micas, probably of the biotite type, of dark red colour.  
Among the opaque minerals, fragments of Fe-oxides are present, having different shapes, clear contours and 
granulometry ranging from fine to very fine.  
The following rock fragments are identified: 
− Quartzite. 
− Arenite: the fragments contain crystals of quartz, white mica and iron oxide; the samples containing 
the arenite fragments show a coarse grain size, while only some samples have are fine grained. 
− Marl. 
As regards the samples coming from Cattolica which underwent the optical analysis due to the characteristics 
of their composition, the following was noticed: 
− the first mixture was made of grey-pink clay featuring both quartz-feldspar and bioclastic 
components (foraminifera and bivalva); the bioclastic cavities were filled either with pyrite or 
carbonate calcium in the form of concentric radial fibrous aggregates; 
− the second mixture, on the other hand, featured a reddish colour, due to the high presence of minerals 
rich in Fe (hematite) and phyllosilicates. 
The groudmass presents a clayey component which probably underwent a vitrification process during the 
firing processes. 
Due to the different plasticity of the two mixtures, the artifacts bodies were particularly homogenous in terms 
of chromaticity, thanks to red "flames" in a pink-grey matrix, wrongly identified as chamotte.
Only some samples seem to display a different ceramic body the matrix has a dark grey colour and the above 
mentioned "flames" are not present but, instead, globules which were interpreted as chamotte.
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The samples coming from Cattolica were later examined with the scanning electron microscope (SEM) for 
better studying the types of mixtures used for producing the amphorae and to confirm the presence of 
analcime detected with diffractometrical analysis. In particular: 
− The mixture, which presents a pink-grey colour, is constituted by a quartz-feldspar component and 
fossil traces filled by Ca-pyroxene. 
− The second mixture, which presents a darken reddish colour due to the presence of hematite, it is 
made of a quartz-feldspar component without bioclasts. It is also visible the presence of Ti-oxides, 
zircon and rare earth elements minerals. 
-Chemical composition  
The Table 1 reports the expected values and standard deviations of the samples compositions determined by 
XRF and expressed in weight percentage values (wt%) for the main elements and in parts per million (ppm) 
for the elements present in trace amounts. Values obtained by ICP are not reported here as these data are 
perfectly comparable with those obtained by XRF.  
In the above mentioned chart no reference is made to the percentage values related to the weight loss 
recorded in thermal analysis  (LOI) referred to the range 200-1000 °C (on which the analysis were 
calculated) and to the values f P2O5, as they could not be applied in the statistics processing because 
influenced by alteration processes (Lemoine, C. et al.,1982; Freestone, 2001). From the chart it is clear that 
the samples belonging to every site show a good homogeneity of contents except for those belonging to the 
Phoinike site. The samples of this latter site show  fairly high standard deviations of various chemical 
elements, suggesting high heterogeneity of the mixing components of the discovered amphorae. 
On the whole chemical data are consistent with the previous mentioned mineralogical composition. 
-Statistical elaboration 
To examine closely the geochemical differences highlighted in the XRF analysis this study has considered 
the variation coefficient preceded by Q-Q plot. All elements analyzed through Q-Q plot show  a regular 
pattern, here are specifically enclosed two charts representing this distribution on the ideal line: Fe2O3 for the 
main elements (Fig. 3) and Cu for the elements present in trace (Fig. 4). Later ANOVA has been employed 
to examine the value of every chemical element present on the sites. This analysis has proved that the 
majority of the chemical elements shows a significant  result except for MgO and  Fe2O3 among the main 
ones and La among the elements present in trace.  This statistical elaboration has been integrated applying 
Bonferroni test (Hochberg, 1988), to compare sites pairs for every chemical element. The values p ≤ 0,05 of 
the chemical elements which had proved to be significant in the variation analysis are reported in the Table 
2.
The discriminant analysis reported on the graphic (Fig. 5) and relat d table (Tab. 3) has been employed  to 
confirm the various chemical features highlighted on each site. 
The statistical elaboration demonstrates that the samples from Cattolica and those from Phoinike and Adria 
form separate groups. Conversely, the samples from Spina, Rimini and Suasa define a group with partial 
superpositions: three samples from Rimini belong to the Suasa group while a sample from Spina and one 
from Suasa plot within  the Adria group.   
Subsequently, some values of reference materials have been introduced to verify the provenance of the 
majority of the samples: 
− three clay samples from the Cattolica site, because  the dumping had originally  a different use and 
probably served as clay gathering and detritus tank; 
− a spacer ring found on the site of Suasa and already employed (Nannetti et al, 1995; Mazzeo 
Saracino et al, 1997; Morandi et al, 1998) as  marker for the determination of a local production.   
 After, repeating the discriminant analysis  (Fig. 6  and Tab. 4) including the new samples it is evident that 
the clays can be traced back to the group of Cattolica, whereas the spacer ring belongs to the Suasa group 
and therefore the local origin is confirmed.   
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CONCLUSIONS 
The petrographical, mineralogic and geochemical study of the samples deriving from the sites examined has 
allowed the formulation of hypothesis regarding the origin of the amphorae The diffractometrical analysis 
has allowed the characterization of the artefacts which have a mineralogical composition constituted by a 
very significant occurence of quartz, feldspar, hematite and illite.
Besides, the presence of prograde phases (pyroxene and gehelenite) indicates a high firing temperatures for 
the majority of the samples. As indicated in the petrographical analysis, the clinopyroxenes occuring in the 
samples from Suasa are partially connected to the raw material. On all sites significant quantities of 
clinopyroxenes are present, especially on the sites of Cattolica, Adria and Suasa whereas only on some sites 
(Adria, Rimini, Phoinike and Suasa) the presence of gehlenite can be traced. 
The calcite found in variable quantity on each site can be connected to either recarbonation processes or/and 
post-firing settling (secondary phases), or linked to the abundance of medium-sized clasts in the raw 
material, which has not reacted during the firing process (relictic phases) (Maggetti, 1994; Veniale, 1994).   
Geochemical studies have allowed the formulation of hypothese regarding local productions or possible 
trading interactions among sites.   
The archaeological hypothesis of a local production can be confirmed for  the  Cattolica site, where all 
amphorae were discovered inside a dump together with various types of artefacts and stove rejects.  Further 
evidence of the local origin is given by the result of the second discriminant analysis which proves 
familiarity among the clays collected on the sites and samples of the amphorae. This group is chemically 
characterized by the presence of high quantities of  CaO e Sr. 
The artefacts found in Adria show no interaction with other sites, thus suggesting the existence of a local 
production. At present, howevery this hypothesis can not be confirmed due to the lack of reference samples 
belonging to verified local production.    
The majority of the samples deriving from the site of Rimini may suggest a local production; the   
hypothesis, already assumed in previous studies (Mazzeo et al, 2000; Morandi et al, 2000) of the existence of 
a trading connection with the site of Suasa can be herewith confirmed thanks to the identification of three 
amphorae belonging the area of Rimini, but found within the group of Suasa. The samples referred to as 
local are characterized by the presence of high quantity of CaO e Sr.   
The presence of a local production for the majority of the amphorae from the site of Spina can be suggested; 
this, however, cannot be proved due to the lack of a production marker. A possible existence of a trading 
connection with the site situated in Adria is hypothesized  as two amphorae found in Spina can be traced 
back to the samples group of Adria, according to the discriminant analysis
As previously indicated, the finds discovered in the site of Phoinike, not belonging to the local production, 
are not to be traced back to the other sites herewith analysed currently it is not possible to make any certain 
hypothesis regarding the production origin of these Adriatic amphorae.  
The samples are chemically characterized by the presence of low quantities of  SiO2, CaO e Sr and, from a 
mineralogical point of view, they present a few amounts of carbonatic phases.   
As regards the samples from Suasa, a local production for almost all the examined samples is confirmed, 
even enough three amphorae could be traced back to the site of Rimini.  A possible trading connection with 
the site of Adria is assumed, since the discriminant analysis  has highlighted a significant familiarity  with 
the Adria group.   
On the whole, the comparison and the integration of the results, together with the existing  stratigraphical, 
chronological and epigraphical data have originated, in most cases, a significant progress of the available 
information related to the production and distribution of most amphorae of the Adriatic basin. This study has 
contributed to the solution of some archeological problems, mainly regarding the provenance and the 
possible existence of local production. 
A deeper investigation which may extend  the present study to other sites situated in the Adriatic area will 
definitely improve the whole picture.    
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Figure 1: Geographic location of italian sites (Cattolica, Adria, Rimini, Spina, Suasa) and of Phoinike 
site (Albania).  
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Figure 2: Figure showing the different quantities of the mineralogical phases observed in the diverse 
sites.  
Abbrevations:Qz=quartz; K-feld=K-feldspars; Plg=plagioclase; Cpx=clinopyroxene; Geh=gehlenite; 
Hem=hematite;  Ill=illite; Cal=calcite; Dol=dolomite. 
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Figure 3: Q-Q plot of Fe2O3.  
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Figure 4: Q-Q plot of Cu.  
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Figure 5: Diagram of the canonic functions of discriminant analysis of amphorae (function 1: 44,5 % 
of variance, canonic correlation 0,922; function 2: 23,0 % of variance, canonic correlation 0,863). 
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Figure 6: Diagram of the canonic functions of discriminant analysis of amphorae, raw materials of 
Cattolica and archaeological marker of Suasa (function 1: 43,3  % of variance, canonic correlation 
0,911; function 2: 23,4  % of variance, canonic correlation 0,851).  
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Sites SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O Sc V Cr Co Ni
M 53.20 0.81 15.38 7.02 0.17 3.32 12.52 1.29 2.15 24 105 151 20 120
Sd 3.96 0.04 1.15 0.46 0.03 0.40 2.53 0.71 0.53 3 13 13 3 13
M 50.94 0.82 17.83 7.13 0.15 3.95 10.69 1.05 2.07 21 108 179 22 110
Sd 7.28 0.06 1.39 0.61 0.03 0.66 5.07 0.34 0.34 4 17 38 3 30
M 50.02 0.74 15.50 6.68 0.20 3.42 13.36 1.10 2.72 26 108 140 19 103
Sd 5.24 0.06 1.47 0.68 0.10 0.74 4.68 0.25 0.41 8 14 17 3 26
M 55.49 0.83 17.77 6.96 0.12 3.66 6.99 1.33 2.52 17 120 164 20 88
Sd 3.64 0.05 1.33 0.39 0.02 0.31 3.76 0.16 0.28 3 11 22 2 16
M 48.54 0.75 15.01 6.60 0.13 3.57 9.87 0.87 2.10 26 103 138 18 70
Sd 17.78 0.27 5.24 2.40 0.05 1.79 3.99 0.36 0.71 9 37 48 6 31
M 49.68 0.80 16.38 7.29 0.14 3.68 12.26 0.90 2.44 18 96 149 18 96
Sd 1.89 0.04 0.80 0.41 0.02 0.40 1.46 0.17 0.30 2 9 20 3 5
Phoinike
Suasa
Cattolica
Adria
Rimini
Spina
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Cu Zn Rb Sr Y Zr Nb Ba La Ce
46 97 103 619 33 184 15 578 40 78
7 15 18 145 3 17 2 66 5 8
46 97 80 309 27 165 16 489 41 83
16 19 21 104 4 39 4 38 4 8
59 117 136 488 32 168 16 838 39 70
27 18 17 190 5 45 3 417 7 12
34 100 115 256 32 221 17 428 39 81
11 14 19 111 4 23 4 31 6 13
38 105 89 293 27 186 19 748 36 71
14 36 32 99 9 72 7 454 13 24
45 102 108 333 26 165 17 664 39 73
5 10 18 64 6 17 3 241 5 12
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Ct vs Ad Ct vs Rn Ct vs Sp Ct vs Ph Ct vs Su Ad vs Rn Ad vs Sp Ad vs Ph Ad vs Su Rn vs Sp Rn vs Ph Rn vs Su
SiO2 0.05 0.03 0.02
TiO2 0.02 0.00 0.01 0.00 0.00
Al2O3 0.00 0.00 0.00 0.00 0.00
MnO 0.02 0.00 0.01 0.00
CaO 0.01 0.03 0.00
Na2O 0.01
K2O 0.00 0.00 0.01 0.00 0.04
Sc 0.02 0.00 0.00 0.00
V
Cr 0.00 0.00
Co 0.00
Ni 0.03 0.00 0.00 0.01 0.01
Cu 0.03
Zn 0.00 0.00 0.00 0.00
Rb 0.05 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.01
Y 0.00 0.00 0.01 0.00
Zr 0.04 0.00 0.00 0.00 0.03
Nb 0.00 0.00 0.01
Ba 0.01 0.00
Ce 0.05
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Sp vs Ph Sp vs Su Ph vs Su
0.00 0.02
0.00 0.00
0.00
0.00
0.00
0.00 0.00
0.00
0.00
0.00 0.00
0.03
0.03 0.00
0.01
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cattolica adria rimini spina phoinike suasa
Original Count cattolica 9 0 0 0 0 0
adria 0 13 0 0 0 0
rimini 0 0 21 0 0 3
spina 0 1 0 9 0 0
phoinike 0 0 0 0 8 0
suasa 0 1 0 0 0 41
% cattolica 100 0 0 0 0 0
adria 0 100 0 0 0 0
rimini 0 0 87.5 0 0 12.5
spina 0 10 0 80 0 0
phoinike 0 0 0 0 100 0
suasa 0 2.4 0 0 0 97.7
Classification Results(a)
Predicted Group
 a  95,3% of original grouped cases correctly classified
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Total
cattolica
9
13
24
10
8
42
100
100
100
100
100
100
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cattolica adria rimini spina phoinike suasa
Original Count cattolica 12 0 0 0 0 0
adria 0 13 0 0 0 0
rimini 0 0 21 0 0 3
spina 0 2 0 8 0 0
phoinike 0 0 0 0 8 0
suasa 0 1 0 0 0 42
% cattolica 100 0 0 0 0 0
adria 0 100 0 0 0 0
rimini 0 0 87.5 0 0 12.5
spina 0 20 0 80 0 0
phoinike 0 0 0 0 100 0
suasa 0 2.3 0 0 0 97.7
Classification Results(a)
Predicted Group
 (a)  94,5% of original grouped cases correctly classified
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Total
12
13
24
10
8
43
100
100
100
100
100
100
Page 22 of 22Archaeometry
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
